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in 1999 and 2000 with the BABAR detector at center-of-mass energies near the  (4S) resonance.
Events are selected in which one B meson is fully reconstructed in a hadronic nal state while





time dierence distributions yields 
B
0










= 1:082 0:026 (stat) 0:012 (syst).
PACS numbers: 13.25.Hw, 12.39.Hg
The spectator quark model predicts that the two
charge states of a meson with one heavy quark Q
(Qu and Qd) have the same lifetime. Deviations from




[1, 2]. Therefore, any lifetime dierences are an-
ticipated to be much smaller for bottom than for charm





meson [3] lifetimes to dier by up to 10%







= 1:062 0:029 [4], with the most precise val-
ues obtained by experiments operating near the Z and
at hadron colliders.
The lifetimemeasurements described here are based on
a sample of approximately 23 million BB pairs recorded
near the  (4S) resonance with the BABAR detector at














pairs moving along the beam axis (z direction)
with a nominal Lorentz boost of  = 0:56. Hence,












is the Lorentz factor of the
B mesons in the  (4S) rest frame. This separation al-
lows B lifetimes to be measured at the  (4S), with good
statistical precision and systematic error sources dierent
from those in previously published results.
In this analysis, one of the B mesons in an event, de-
noted B
rec
, is fully reconstructed in a variety of two-body
charm and charmonium nal states. The decay point of
the other B in the event, B
opp
, is reconstructed inclu-

















is the (signed) dierence of the
proper decay times of the B mesons. The time inter-
val t between the two B decays is determined from z,
including an event-by-event correction for the direction
of the B mesons with respect to the z direction in the
 (4S) frame. The challenge of the measurement is to dis-
entangle the resolution in z, 190m on average, from
the eects of the B lifetime, since both contribute to the
width of the t distribution. In the absence of back-
ground, the measured t distribution is described by the
probability density function (PDF)












where R is the t resolution function with parameters a^,
and  is the event-by-event error on t calculated from
the vertex ts. An unbinned maximum likelihood t is














The BABAR detector is described in detail elsewhere [5].
Charged particle trajectories are measured by a combi-
nation of a silicon vertex tracker (SVT) and a drift cham-
ber (DCH) in a 1.5-T solenoidal eld. For 1GeV=c tracks,
the impact parameter resolutions in z and in the trans-
verse plane are 65m and 55m, respectively. Photons
and electrons are detected in the CsI(Tl) electromag-
netic calorimeter (EMC). A ring imaging Cherenkov de-
tector, the DIRC, is used for charged hadron identica-
tion. The DCH and SVT also provide ionization mea-
surements, dE=dx, for particle identication. The in-
strumented ux return (IFR) is segmented and contains
resistive plate chambers to identify muons. Electron can-
didates are required to have a ratio of EMC energy to
track momentum, an EMC cluster shape, DCH dE=dx
and DIRC Cherenkov angle consistent with the electron
hypothesis. Muon candidates are required to have an
energy deposit in the EMC consistent with the muon
hypothesis, IFR hits located consistently on the extrapo-
lated DCH track, and an IFR penetration in interaction





mesons are reconstructed in a sample





























. Multihadron events must have a
minimum of three reconstructed charged tracks, a total
charged and neutral energy greater than 4.5GeV, and an
event vertex within 0.5 cm of the beam spot [5] center
in xy and within 6 cm in z. The event vertex is de-
termined from all charged tracks that have an impact
parameter with respect to the beam spot center smaller
than 1 cm in xy and 3 cm in z.
For 
0
candidates, pairs of photons in the EMC, each
with more than 30MeV of energy, are selected if their










decays). A mass constraint is applied to selected








candidates are required to have an in-
variant mass between 462 and 534MeV=c
2
. A geometri-
cal vertex t with 
2
probability above 0.1% is required,
and the transverse ight distance from the event vertex
must be greater than 0.2 cm.
D
0









































. Kaons from D
 







are required to have momenta greater
than 200MeV=c. All other charged D daughters are re-



























mass is required to lie within 150MeV=c
2
of the




















candidates are required to have a momentum
greater than 1.3GeV=c in the  (4S) frame, an invariant
mass within 3 of the nominal value [4] and a geomet-
rical vertex t with a 
2
probability greater than 0.1%.
A mass constraint is applied to selected D candidates.
Charged and neutral D








. The momentum of
the pion in the  (4S) frame is required to be less than
450MeV=c. The soft 
 
is constrained to originate from
the beam spot when the D
 
vertex is t. After the







) within 2.5 of the nominal mass [4] for D
 
, or
within 4 of the nominal mass [4] for D
0
, are selected.
Candidates for leptonic decays of charmonium mesons
must have at least one decay product positively identied
as an electron or a muon. If it traverses the calorimeter,
the second muon must be consistent with a minimum
ionizing particle. J= candidates are required to lie in




















mass of  (2S) candidates must be between 3.44 (3.64)
and 3.74GeV=c
2
. A mass constraint is applied to selected









mass is between 0.4 and 0.6GeV=c
2
and the
 (2S) mass is within 15MeV=c
2
of the nominal value [4].
All  (2S) candidates must have momenta between 1.0
and 1.6GeV=c in the  (4S) rest frame.
B candidates are formed by combining a D
()
, J= or



























candidate that has a mo-











decay must have an



















is required to be greater than 0.1%. Positive identi-
cation of kaons is required for modes with higher back-





















! qq background is rejected by re-
quiring the normalized second Fox-Wolfram moment [6]
for the event to be less than 0.5. Further suppres-
sion is achieved by a mode-dependent restriction on the










candidates are identied on the basis
of the dierence E between the reconstructed energy
and the beam energy
p
s=2 in the  (4S) frame, and




s=2 and the reconstructed momentumof the candidate.









(10 to 30 MeV) is the mea-
sured resolution for each decay mode.
The decay position of the B
rec
candidate is determined
by requiring convergence of a vertex t, where in addition
the masses of the D mesons are constrained to their nom-
inal values [4]. Precisions between 60 and 100m rms for
the B
rec
decay position in z and in the transverse plane
are achieved, depending on the decay mode.
The vertex of the B
opp
is determined from all tracks
in the event after removing those associated with the
B
rec
candidate. Tracks from photon conversion candi-




didates are replaced by the neutral parents. An addi-





vertex and three-momentum, the beam spot po-
sition, and the average  (4S) momentum. To reduce
the bias in the forward z direction from charm decay
tracks, the track with the largest contribution to the ver-
tex 
2
, if above 6, is removed and the t iterated until
no track fails this requirement. Events are required to
have at least 2 tracks remaining in the B
opp
vertex, an
error on z smaller than 400m and jzj < 3000m.
The precision achieved on z, 190m rms on average, is
dominated by the resolution on the B
opp
vertex. A re-
maining bias of  35m due to charm decays on the
B
opp
side is observed. We require jtj < 18 ps and nd
6064 70 B
0
and 6336 63 B
+








peak above a small background (' 10%).
The m
ES
distributions for the nal samples are shown in
Fig. 1 along with the results of a t with a Gaussian
distribution for the signal and an ARGUS background
function [7].
As already noted, the modeling of the resolution func-
tion R is a crucial element of the B lifetime measure-
ments. Studies with both Monte Carlo simulation and
data show that the sum of a zero-mean Gaussian dis-
tribution and its convolution with a decay exponential
provides a good trade-o between dierent sources of un-
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